Abstract -We are developing computational, statistical pattern recognition tools that allow for the separation of various THz spectral data obtained from normal, pre-cancerous and cancerous tissue.
I. INTRODUCTION
THz is a promising modality for studying skin cancer: A number of international studies have shown that THz spectroscopic and imaging techniques can be used to differentiate between normal and cancerous tissue [1] . Studies using PET and MRI [2] have shown that tumours have increased water content. As water has some prominent resonances in the THz band, imaging in this region is very sensitive to water concentration and increased image contrast has been observed in THz imaging of BCC [3] . THz can also excite many additional energy transitions that correspond to rotational, vibrational and translational modes in complex organic molecules. Studies using near infrared spectroscopy show that pre-malignant and malignant tissue can be differentiated with an accuracy of 710% and that it is possible to differentiate benign from malignant tissue with an accuracy of 85% [4] . Such studies indicate that a continuum of biochemical or structural changes occur in skin cells that are signatures for different cancer types in various stages, from benign to pre-malignant to malignant. THz spectroscopy and imaging has a number of advantages over IR, in particular significantly reduced scattering. Further, THz provides information about the low frequency modes of a molecule and is therefore ideally suited to detect cancerinduced biochemical and structural changes.
II. METHODS USED Sophisticated computational pattern recognition and related multivariate statistical tools are needed to analyse and classify THz spectral data. Pattern recognition (PR) methods can be divided into two categories: unsupervised and supervised. Unsupervised techniques are used to establish whether any intrinsic clustering exists within a sample group. As it is not necessary to include information pertaining to the class of sample prior to the analysis, the outcome of unsupervised clustering analysis has no sources of human bias [5] . Examples of unsupervised methods include principal components analysis and clustering methods such as hierarchical clustering analysis and k-means clustering [6] . In the supervised PR approach, class identity is given to a training set of sample data in order to optimise the separation between the number of sample classes (for example diseased and normal tissue). Then a second independent 'test' set is used to validate the robustness of any class predictions made using the training set. Examples of supervised PR methods include soft independent modeling of class analogy (SIMCA), partial least squares methods, k-nearest neighbour analysis [7] , and support vector machines [8] . Supervised and unsupervised classification schemes are the standard way to differentiate data into discrete and disjoint groups, which is the kind of separation we seek for THz spectra data.
